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(3—5) ON THE GENERALIZED BOUSSINESQ’S PROBLEM.
By Bennosuke TANIMOTO, Faculty of Engineering, Shinsh University.

SINCE the time of Boussinesq, the theoretical basis for the problem of the safety of founda-
‘tion has been discussed and developed by various investigators, of which the works due to
Love and. Terazawa will be noteworthy. The former gave the ‘integration of the Boussinesqg's
potentials extending over a rectangular form of loaded area, together with the' circular form
of loading. 'He divided the method of treating the problem into two ways; viz., ‘‘Boussinesqg’s
potential method’’ and ‘““Bessel function method’’, the latter being suitable for a circular form
of loaded area. But as has been well known, the Boussinesq’ s potential method cannot be
compatible with any shearing forces, whxch would be of considerable importance especially in

-the/case of soft foundation. The above clasvlﬁcatxon due to Love may therefore be said to be
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of improper one.

I have proposed a set of functions which might be called stress-functions in three dimensions,
and have obtained the solution of a Boussinesq’s problem in which the semi-infinite elastic
solid is pressed uniformly over a rectangular area. It was obtained in the form of Fourier’s
mtegral and the evaluatwn of the integrals was relied on the method. of mechanical cubature:
because of the d1ﬁiculty of 'its analytical performance. As regards stresses there is no singu-
larity in the integrands, so that the mechanical cubature has no serious difficulties, and to secure:
~ﬁrét two or three significant figures is not so laborious. Displacements can also be evaluated,v
though each of the integrands involved has one singularity at the origin of parametric coordi-
nates. It would appear impossible to integrate Boussinesq’s potentials by means of mechanical.
cubature, because of an infinite number of singularities in the integrands.

The article to be reported here is also @n application of the proposed stress-functions, and,
corresponds to the generalization of the above boundary problem. It glves the solution of the:
most generalized Boussinesq’s problem in which any diStribution of sheari'ng forces, as well as:
of normal pressure, is assumed as surface tractions, provided these can be expressed in terms:
of Fourier’s integral. As simple applications of the above general solution, the following several:
cases will be given: an uniform pressure, a pressure varying in quadric surface, a shearing
'force of uniform distribution, a shearing force of triangular distribution in one direction, etc.
These solutions can ‘at once be written down from the above general solution. Numerical
evaluation of the above solutions will be given,.though they are for the time being of rough:
approximation.

Fundamental equations to be used are
P4x=0 and =0,

in virtue of which displacements are given by the operations
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and ¢ is Poisson’s ratio of the material, » and w being giVen by cyclical interchange of letters.

where-
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For actual calculation, preference is given to the forms
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where J2¢=0 and f4x=0; the former beiﬁg well known as ‘displacement-potehtial’, and the
latter being of ‘proper’ biharmonics. ‘Stresses are then derived from Hooke’s law:

Supposing that z-axis is drawn vertically "downwards in the semi-infinite solid, the origin of
coordinates being on the top surface, particular solutions suitable for the present problem are
¢ = (A; cos az cos gy + Ag cos aw sin gy + A; sin ax cos gy + A4 sin ax sin gy)e~ 77,

Y= (B; cos az cos gy + B; cos ax sin gy + B; sin ax cos gy + B, sin ax sin gy)e~ 7%,
x=(C; cos ax cos gy + C; cos az sin gy + Oy sin aw cos gy + O, sin ax sin gy)ze~77,
Ay, Agyeeeeee (s, C4 being constants ; @, 8 and y parameters provided a?+g2=92.

The above series of the work was done by S. Murata and M. Shimizu, both being students of
the Faculty of Engineering, Shinsht University, as their graduation theses under my direction.
I want to express my thanks to fhe Ministry of Education for giving me a financial aid,
though not direct to the present work. v




